Abstract
The TMJ is a ginglymoarthrodial joint, allowing a hinge-like movement, combined with an arthroidial, gliding motion. The hinge-like movement represents the first half of the mouth opening, whereas the sliding movement represents the second half, as well as the protrusion and lateral movements [4] .
Temporomandibular joint pathology TMJ pathology is complex and includes temporomandibular disorders (TMD), infections, tumors, traumatic lesions and growth development anomalies.
TMD is defined by the American Academy of Orofacial Pain (AAOP) as a complex term covering a number of clinical problems involving the masticatory muscles, the joint and the associated structures. The AAOP classifies the TMD in two groups: muscular and articular. The most common clinical signs of TMD are represented by pain, limited mouth opening and joint sounds (clicking, crepitation) [5] . In 2014, Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD), clearly defined the different internal derangement conditions. According to RDC/TMD, two different degrees of displacement of the disc relative to the condyle exist: disc displacement with reduction and disc displacement without reduction [6] .
The Piper disc classification [7] is also useful when dealing with internal derangements:1) Normal; 2) Ligaments or cartilage damage; 3a) Partial disc subluxation, with reduction; 3b) Partial disc subluxation, non-reducing; 4a) Complete disc dislocation, with reduction; 4b) Complete disc dislocation, non-reducing; 5a) No disc, bone to boneadapting; 5b) No disc, bone to bone-adapted.
Temporomandibular joint imaging
Although the clinical examination is the most important step in the diagnosis of TMJ pathology, special imaging techniques are needed due to the complex anatomy and pathology. It is very common to take an image of the joint when there is locking, pain and articular sounds. The clinician should properly decide which patients would need special imaging techniques depending on the clinical examination and individual selection criteria. One important thing to consider when imaging the TMJ is the interpretation of the joint function, which can be accomplished by comparing the condyle in the closed and opened mouth position. Several imaging techniques are available for TMJ visualization, as follows.
Panoramic radiography
It shows the jaws and the associated structures, being a helpful tool for the clinician in identifying any periodontal or odontogenic causes for orofacial pain. Panoramic radiography does not appear in the list of imaging techniques provided by RDC/TMD. Only the lateral part of the condyle can be assessed with this technique, being limited due to the superimposition of the zygomatic arch and the base of the skull [8] . Panoramic radiography can help evaluate the following:
• degenerative bone changes (only in late stages; it is inadequate for the early detection of osseous modifications);
• asymmetries of the condyles ( Figure 2 ); • hyperplasia, hypoplasia; • trauma;
• tumors. The panoramic radiography does not reveal the functional status of the joint and has a relatively low specificity and sensitivity when compared with CT [8, 9] . Epstein et al [10] consider the clinical findings of greater relevance than panoramic images for patients with TMD. Nevertheless, some authors have suggested panoramic radiography as a good imaging modality for TMJ visualization [11] . Although morphological abnormalities of the condyle can be assessed with panoramic radiography, they do not necessarily represent a sign of TMD [12] . Variations of condylar shape are present among individuals. Moreover, changes in head position could affect the image of TMJ, simulating different bone abnormalities (flattening, osteophytes, asymmetries) [13] . Dahlstrom et al. [14] concluded that panoramic radiography is useful in detecting bony changes of the condyle, but when these changes are suspected, and the radiography is normal, CT should be performed. 
Plain radiography
Consists of transcranial projection of TMJs. Different angulations are used to avoid the superposition of the temporal bone and the opposite TMJ: lateral oblique transcranial projections, anterior-posterior projections, submental-vertex projection, transpharyngeal view ( Figure 3 ) [15] . Contact technique introduced by Parma is not recommended due to high radiation dose and superposition of bony structures ( Figure 4 ). Plain radiography is useful in depicting degenerative joint disease in advanced stages [15] . The condyle position could also be assessed, but large variations of condyle position in the glenoid fossa were found, even in asymptomatic population [16, 17] . Some studies have shown that the position of the condyle in the fossa is of little clinical significance [18] . Other studies suggest that the posterior position of the mandibular condyle in regard to the fossa, could represent an indirect sign of an anterior disc displacement [19] [20] [21] [22] . The position of the head during the examination could influence the joint space, which could influence the interpretation of the radiography [23] . The use of flat plane films for TMJ pathology is not sufficient, because this joint requires three dimensional imaging views.
CT has been reported to be more suitable in identifying TMJ changes than conventional radiography [15] .
Computed tomography (CT) First used for TMJ evaluation in 1980 [24] , CT is considered to be the best method for assessing osseous pathologic conditions of TMJ. It allows a multi planar reconstruction (sagittal, axial, coronal) of TMJ structures, obtaining 3D images in closed and opened-mouth positions. Signs of degenerative changes in the joint, like surface erosions, osteophytes, remodeling, subcortical sclerosis, articular surface flattening can be evaluated using CT [15] . Some studies have reported that radiographic changes in the joint are not always related to pain [15, 25, 26] . Therefore, some patients with osseous abnormalities may experience pain, others may be pain free. Changes in the shape and location of the loading zone can also be seen on CT. CT is the main radiological investigation for tumors, growth development anomalies and fractures ( Figure 5 ). Basically, any CT examination of the TMJ should focus on the following: intactness of the cortex, normal size and shape of the condyles and their centered position in the fossa, the adequate joint spaces, centric relation loading zone. Autopsy studies performed for the assessment of condylar abnormalities showed better results for CT than MRI [27] . Wesetesson et al. [28] found a sensitivity of 75 % and a specificity of 100% for the diagnosis of condylar bony changes. Regarding the visualization of the soft tissues of TMJ (disc, synovial membrane, ligaments, lateral pterygoid muscle), CT is not used as a primary diagnostic method. The disc could be visualized on CT scans only with injection of contrast media in the joint (arthrography). Arthrography is a dynamic investigation, but was never widely used, due to its invasiveness, pain and allergic reactions [29] . TMJ disc pathology and lateral pterygoid muscle pathology is better assessed with MRI. On CT scans, the position and the shape of the mandibular condyle in the glenoid fossa is well seen, though some authors suggest that this reference is not a precise sign of disc pathology [16] [17] [18] 30] .
The main disadvantage of CT, compared to other radiological methods, is the high cost and the radiation exposure. Being introduced in TMJ evaluation in 1990s, cone beam CT (Figures 6 and 7) is widely available now and provides high-resolution multiplanar reconstruction of the TMJ [31, 32] . The main advantage of cone beam CT, compared to CT, is the lower radiation dose to the patient [33] [34] [35] . The spatial resolution of cone beam CT is higher than that of conventional CT [36, 37] . Studies developed by Hintze et al. [38] found no significant differences between conventional tomography and cone beam CT in the detection of morphological TMJ changes. Cone beam CT performs better than conventional radiography and is as good as conventional CT, allowing to depict early bony changes of TMJ [39, 40] . A review published by Silvia Caruso et al [41] pointed out the main contributions of cone beam CT in the field of TMJ:
• allows the calculation of volume and surface of the condyle;
• improves qualitative analyses of condylar surface and allows detecting the mandibular condyle shape;
• improves the accuracy of linear measurements of mandibular condyle;
• clarifies that, in case of facial asymmetry, the condyles are often symmetric, while joint space can change between the two sides;
• clarifies the position of the condyle in the fossa.
Although CT provides important information regarding the osseous components of TMJ, it has several limitations, like the artefact which can appear due to the patient's accidental movement during examination (especially in children). Also, a decrease in radiation dose (for cone beam CT) can affect the image quality [32] [33] [34] [35] [36] [37] [38] .
Magnetic resonance imaging (MRI)
MRI is currently considered the reference method for imaging the soft tissue structures of the TMJ (articular disc, synovial membrane, lateral pterygoid muscle) and has been pointed out as the best imaging modality in diagnosing disc displacements [15, 24, [42] [43] [44] [45] . MRI could also detect the early signs of TMJ dysfunction, like thickening of anterior or posterior band, rupture of retrodiscal tissue, changes in shape of the disc, joint effusion [46] .
Images can be obtained in all planes (sagittal, axial, coronal). In most scanning sequences, T1 weighted, T2 weighted and proton-density (PD) images are obtained. The PD images serve to visualize the disc-condyle relationship (Figure 8 ), while T2-weighted images are used in diagnosing inflammation in the joint [47, 48] . The slice thickness is important for image quality. The most frequent used section thickness is 3 mm. Reducing the slice thickness improves the quality of the images, but requires longer scanning time [45] .
An axial localizing image is used to direct the long axis of the condyle in the closed-mouth position. Sagittal images are obtained perpendicular to the long axis of the condyle, and coronal images are obtained parallel to the long axis [49] . In MRI examination, a pathological condition is considered to be present relative to the intermediate zone of the meniscus (as a point of reference) and its interposition between the condyle and the temporal bone ( Figure 9 ) [50] . Normal disc position, evaluated in the sagittal plane, is with the junction of posterior band aligned approximately at 12 o'clock, position relative to the condyle. Disc displacement is diagnosed when the posterior band sits in an anterior, posterior, medial or lateral position with regard to the condylar surface [51] . In the closed-mouth position, teeth should be in contact, whereas in the opened-mouth position, the jaw should be at the widest comfortable opening. This way, misinterpreted disc positions could be avoided [52] . Being a synovial joint, synovitis is a common situation and it is characterized by swelling due to hypertrophy of the synovia and overproduction of synovial fluid. Synovitis can be clearly visualized on MRI images [53] . Synovial inflammation could lead to joint effusion, defined as an increase in the volume of intra-articular fluid ( Figure 10 ). Some studies have investigated the relationship between the articular eminence morphology and disc patterns in patients with disc displacements. The results showed that changes in the morphology of articular eminence (flattened) and disc could contribute to the appearance of disc displacement without reduction on that side [54] . Other studies also found changes in disc shape and dimension in cases of TMJ disc displacement [55] .
Among the disadvantages of the MRI investigation, the following can be mentioned:
• it is costly and time consuming;
• restricted use in patients with claustrophobia;
• there is a possibility of missing the portion of condyle having a pseudo cyst [56] ;
• may miss different bone conditions and soft tissue calcifications with inflammatory diseases or tumors; in these cases, CT is the preferable imaging modality [57] .
High-resolution ultrasonography High-resolution ultrasonography (US) was first used for TMJ exploration in 1991, by Nabeih et al, using a 3.5 MHz transducer [58] . Although it is a non-invasive, dynamic, inexpensive procedure, it is not commonly used in TMJ exploration. Being a real time investigation, it provides information about disc position, during mouth opening [59] . In the literature, contradictory levels of sensitivity and specificity were reported. These variable levels of sensitivity and specificity reported by the articles may be due to the different equipment used (different US frequencies). The use of high-resolution US (transducer at least 7.5 MHz or higher) significantly increases the diagnostic value of this technique [60, 61] .
US examination is useful in depicting disc displacement and effusion. Normally, the disc is situated between two hyperechoic lines represented by the mandibular condyle and the articular eminence. If the disc is displaced in the closed-mouth position, the diagnosis is disc displacement. If the disc returns to its normal position during opening, the diagnosis is disc displacement with reduction ( Figure 11 ). If not, the diagnosis is disc displacement without reduction ( Figure 12 ) [59, [62] [63] [64] . Regarding degenerative changes of the TMJ, US is still not recommended [65] . One difficulty of US is the possibility to obtain clear images, especially in the opened-mouth position, due to the overlying osseous structures. Another limitation of US is that the medial part of the disc cannot be visualized [59] [60] [61] [62] [63] [64] [65] .
The diagnostic value of high-resolution US is strictly dependent on the examiner's skills and on the equipment used. Therefore, there is a continuous need for trained and experienced radiologists in this field. 
Conclusions
The selection of the proper radiological technique for TMJ, as well as of the patient, must be carefully made by the practitioner, in correlation with the clinical signs and symptoms. The purpose of the chosen radiological investigation must improve the diagnosis and the treatment outcome according to each imaging examination's specific indications and varying degrees of sensitivity and specificity. CT and MRI are, nowadays, the most used imaging techniques. CT is the most efficient examination in detecting the osseous changes, whereas MRI remains the gold standard for the articular disc examination. Highresolution ultrasonography is a potential promising imaging diagnostic technique in assessing the TMJ disc position.
